Optical U BV RI photometry and medium resolution spectroscopy of the type Ib supernova SN 2009jf, during the period ∼ −15 to +250 days with respect to the B maximum are reported. The light curves are broad, with an extremely slow decline. The early post-maximum decline rate in the V band is similar to SN 2008D, however, the late phase decline rate is slower than other studied type Ib supernovae. With an absolute magnitude of M V = −17.96 ± 0.19 magnitude at peak, SN 2009jf is a normally bright supernova. The peak bolometric luminosity and the energy deposition rate via 56 Ni → 56 Co chain indicate that ∼ 0.17
INTRODUCTION
Type Ib supernovae (SNe Ib) are core-collapse supernovae, characterized by the presence of prominent helium lines and the absence of hydrogen lines. They are believed to be the results of violent explosions of massive stars, such as the Wolf-Rayet stars, which are stripped of most or all of their hydrogen envelope, either by mass transfer to a companion (e.g., Nomoto et al. 1994 , Podsiadlowski et al. 2004 , or via strong winds (e.g., Woosley, Langer & Weaver 1993) , or by sudden eruptions. These supernovae are also termed as stripped-envelope supernovae.
The presence of hydrogen in type Ib supernovae remains an open issue for investigation. There are some type Ib events which show a deep absorption at ∼ 6200Å in their early spectra, which could be attributed to Hα (Branch et al. 2002 , Anupama et al. 2005 , whereas some others show a shoulder in the red wing of the [O I] 6300-6364Å line in their nebular spectra, due to Hα (Sollerman, Leibundgut & Spyromilio 1998 , Stritzinger et al. 2009 ). Using the SYNOW code, Elmhamdi et al. (2006) have shown the presence of a thin layer of hydrogen ejected at high velocity in almost all the SNe Ib in their sample. Maurer et al. (2010) have recently investigated various mechanisms that can produce strong Hα emission in the late phase, and shown that it can be explained well by radioactive energy deposition, if hydrogen and helium are mixed in suitable fractions and clumped strongly.
Late phase observations of SNe Ib have gained special importance as these phases probe deeper into the core of the expanding stars. The nebular spectrum originating from an optically thin ejecta provides important clues to the nature of progenitor star and the explosion mechanism. Asphericity in the explosion of stripped envelope supernovae is confirmed by a higher degree of polarization through spectropolarimetric studies of these objects during early phases (Wang et al. 2003 , Leonard et al. 2006) . Independent indications of the asphericity in the explosion come from the narrower width of [O I] 6300-6364Å line compared to the [Fe II] features at ∼ 5200Å , Maeda et al. 2002 and/or from the asymmetric profile of the [O I] 6300-6364Å line . SN 2009jf was discovered by Li, Cenko & Filippenko (2009) in the Seyfert 2, barred spiral galaxy NGC 7479 on September 27.33. This supernova was classified as a young type Ib supernova by Kasliwal et al. (2009) , and , based on early spectra obtained on September 29. Itagaki, Kaneda & Yamaoka (2009) reported the detection of a dim object at an unfiltered magnitude of ∼ 18.2 in an image obtained on 2006 November 8.499 and at a magnitude of ∼ 18.3 in an image obtained on 2007 August 13.74. They also report the presence of the object at ∼ 18 magnitude in the DSSS images. They have estimated the absolute magnitude of the object as −14.5 and suggested that these may be recurring outbursts of a luminous blue variable.
In this paper we report optical photometry and spectroscopy of SN 2009jf in the early and nebular phase and discuss the results based on the observations.
OBSERVATION AND DATA REDUCTION

Photometry
Photometric observations of SN 2009jf began on 2009
September 29, using the 2m Himalayan Chandra Telescope (HCT) of the Indian Astronomical Observatory, immediately after discovery, and continued until 2010 June 21, with a break during the period the supernova was behind the Sun. The observations were made using the Himalaya Faint Object Spectrograph Camera (HFOSC). The central 2K×2K region of the 2K×4K SITe CCD chip in use with the HFOSC was used for imaging. This provides an image scale of 0.296 arcsec pixel −1 over a 10 × 10 arcmin 2 field of view. Further details on the telescope and instrument can be obtained from "http://www.iiap.res.in/centers/iao". The supernova was observed in Bessell U , B, V , R and I filters. Standard fields PG0231+051, PG1657+078 and PG2213-006 (Landolt 1992) observed under photometric sky condition on 2009 September 30 and October 14, are used for photometric calibration of the supernova magnitudes.
Data reduction was done in the standard manner, the data were bias subtracted, flat-fielded and cosmic ray hits removed, using the standard tasks available within the Image Reduction and Analysis Facility (IRAF) package. Aperture photometry was performed on the standard stars with an optimal aperture determined using the aperture growth curve method. Aperture correction between the optimal aperture and an aperture close to the full width half maximum (FWHM) of the stellar profile that had the maximum signal-to-noise ratio was determined using the brighter stars and then applied to the fainter ones. Average extinction values for the site (Stalin et al. 2008 ) were used to correct for the atmospheric extinction and the average colour terms for the filter-detector system were used to get the photometric solutions, based on the magnitudes of the stars in the standard fields. These were then used to calibrate a sequence of local standards in the supernova field observed on the same nights as the standard fields. The local standards were then used for the photometric calibration of the supernova magnitudes. The magnitudes of the local standards in the supernova field are listed in Table 1 and the supernova field with the local standards marked is shown in Figure 1 .
The magnitudes of the supernova and the secondary standards were estimated using point-spread function photometry, with a fitting radius equal to the FWHM of the stellar profile. The difference between the aperture and profile fitting photometry was estimated using bright standards in the field and applied to the supernova magnitude. The nightto-night zero points were estimated using the local standards in the supernova field and the supernova magnitudes calibrated differentially with respect to the local standards. The supernova magnitude in U , B, V , R and I bands are given in Table 2 .
Spectroscopy
Spectroscopic observations of SN 2009jf were obtained during 2009 September 29 (JD 2455104.16) and 2010 June 22 (JD 2455370.38) . The spectra were obtained in the wavelength ranges 3500-7800Å and 5200-9250Å using grisms Gr#7 and Gr#8 available with HFOSC. The log of spectroscopic observations is given in Table 3 . Arc lamp spectra of FeNe and FeAr were obtained for wavelength calibration. Spectroscopic data reduction was performed in the standard manner. All spectra were bias subtracted, flat-fielded and the one dimensional spectra extracted using the optimal extraction method (Horne 1986 ). Wavelength calibration was effected using the arc lamp spectra. The accuracy of wavelength calibration was checked using the night sky emission lines, and whenever necessary small shifts were applied to the observed spectra. The spectra were flux calibrated by correcting for the instrumental response using response curves estimated from the spectra of spectrophotometric standards that were observed on the same night. For the nights that standard star spectra were not available, the response curve obtained during observations on nearby nights were used. The flux calibrated spectra in the two regions were then combined, scaled to a weighted mean to give the final spectrum. This spectrum was then brought to an absolute flux scale using zero points determined from broad-band U BV RI magnitudes. The supernova spectra were corrected for the host galaxy redshift of z = 0.007942 and dereddened for a total reddening of E(B − V ) = 0.112, as estimated in Section 4. The telluric lines have not been removed from the spectra. 
OPTICAL LIGHT CURVES AND COLOUR CURVES
The light curves of SN 2009jf in the U BV RI bands are presented in Figure 2 . Also included in the figure are the unfiltered discovery magnitude and the pre-discovery limiting magnitudes (Li, Cenko & Filippenko 2009 ). Our observations began two days after discovery, ∼ 15 days before maximum in B band and continued till ∼ 250 days after maximum. The date of maximum brightness and the peak magnitude in different bands have been estimated by fitting a cubic spline to the points around maximum and are listed in Table 4 is relatively efficient in trapping the γ-rays produced in the radioactive decay. This also indicates that the progenitor of SN 2009jf was able to retain more of an envelope prior to the core-collapse, thus increasing the diffusion time for the energy produced from the radio active decay of 56 Ni to 56 Co (Stritzinger et al. 2002 , Arnett 1982 .
There are only a few cases of type Ib supernovae where the rise time to B band maximum is constrained accurately. For example, the rise time for SN 1999ex and SN 2008D is found to be 18 days (Stritzinger et al. 2002) and 16.8 days (Modjaz et al. 2009 ), respectively. The rise time could be constrained for these two supernovae as they occurred in galaxies which were already being monitored to follow up other events. SN 1999ex was detected in IC 5179 which hosted SN 1999ee (Martin et al. 1999 ). The data obtained r ′ and i ′ bands. These magnitudes have been transformed to the U BV RI system using transformation equations given in Jester et al. (2005) . The (U − B), (B − V ) and (V − R) colour curves of SN 2009jf evolve from red to blue in the premaximum epoch. This colour change can be attributed to an increase in the photospheric temperature with brightening of the supernova in the pre-maximum phase. The (B − V ) colour attains a value of 0.25 mag at ∼ 5 days before maximum in B band, after that it monotonically becomes redder till ∼ 20 days after B maximum, indicating cooling due to envelope expansion. It again starts becoming blue at later epochs. The (V −R) colour follows a similar trend, while the (R−I) colour evolves towards red monotoically. The (B −V ) and (V − R) colour evolution of SN 2009jf is quite similar to that of SN 1999ex, while the (U − B) colour is always bluer and the (R − I) colour redder than SN 1999ex. While SN 2009jf is redder than both SN 2007Y and SN 2008D in the pre-maximum epoch, the post maximum colour evolution is similar in all three SNe, except for the (U −B) colour, which remains bluer in SN 2009jf.
DISTANCE AND REDDENING
SN 2009jf is located at 54 arcsec west and 37 arcsec north of the nucleus of NGC 7479, at the edge of the outer arm of the host galaxy. From the infrared dust maps of Schlegel, Finkbeiner & Davis (1998) , the Galactic interstellar reddening in the direction of NGC 7479 is E(B − V ) Gal = 0.112 mag. The spectrum of SN 2009jf obtained close to maximum light shows the presence of weak Na ID absorption from the Milky Way. We do not detect any Na ID absorption due to the host galaxy. The low reddening of the supernova is also evident from its optical colours (see Figure 4) . We therefore conclude there is no additional extinction due to the host galaxy and use a value of E ( B − V ) = 0.112 mag for extinction correction.
The radial velocity of NGC 7479, corrected for Local Group infall onto the Virgo Cluster is 2443 km s −1 (LEDA), which implies a distance modulus of 32.70 ± 0.18 for an H0 value of 71±6 km sec −1 Mpc −1 . This leads to a distance of 34.66 ± 2.9 Mpc for NGC 7479. The errors in distance modulus and distance are estimated taking into account the uncertainty in H0. The redshift independent distance estimate using Tully-Fisher relation is 33.85 ± 3.1 (NED), which is in close agreement with the distance estimates using the radial velocity. We use the mean of the two estimates, 34.25 ± 4.2 Mpc as the distance to NGC 7479 for further analysis.
ABSOLUTE MAGNITUDE, BOLOMETRIC
LIGHT CURVE AND MASS OF 56 NI
The absolute peak magnitudes estimated using a distance of 34.25 Mpc and a reddening correction for an E(B − V ) of 0.112 mag are listed in Table 4 . The errors in the absolute magnitudes have been estimated using uncertainties in the peak magnitude and the distance modulus of the host galaxy. Comparing the absolute magnitude of SN 2009jf with the absolute magnitude distribution of other SNe Ib (Richardson, Branch & Baron (2006) and references therein), SN2009jf lies close to the mean of the distribution. It is fainter than the extremely luminous type Ib supernova SN 1991D (Maza & Ruiz 1989) , and comparable in brightness to SN 1984L, SN1990I (Elmhamdi et al. 2004 ), SN1999ex (Stritzinger et al. 2002 and SN 2000H (Krisciunas & Rest 2000) . SN 2009jf is ∼ 1.5 magnitude brighter than SN 2007Y (Stritzinger et al. 2009 ) and ∼ 1 magnitude brighter than SN 2008D, which was associated with the X-ray transient 080909 (Modjaz et al. 2009 ). The quasi-bolometric light curve of SN 2009jf is estimated using the reddening corrected U BV RI magnitudes presented here. The reddening corrected magnitudes were converted to monochromatic fluxes using the zero points from Bessell, Castelli & Plez (1998) . The quasi-bolometric fluxes were derived by fitting a spline curve to the U , B, V , R and I fluxes and integrating over the wavelength range 3100Å to 1.06µm, determined by the response of the filters used. There are a few missing magnitudes in the U band light curve, which were estimated by interpolating between the neighbouring points. (Stritzinger et al. 2009 ), SN 1999ex (Stritzinger et al. 2002) and SN 1994I (Richmond et al. 1996 are based on the published U BV RI magnitudes, while the bolometric light curve of SN 2008D includes the Swift UVOT (U-band) and NIR data also ). The bolometric light curve of SN 1998bw is taken from Patat et al. (2001) which includes optical and NIR data. A total reddening E(B − V ) of 0. 45, 0.3, 0.11, 0.65, 0.06 mag and, distances of 8.32, 48.31, 19 .31 31.0 and 37.8 Mpc were adopted for SN 1994I, SN 1999ex, SN 2007Y, SN 2008D and SN 1998bw, respectively. The bolometric light curve of SN 2009jf is fainter than SN 1998bw and brighter than all other type Ib/c supernovae in comparison. Adding a conservative uncertainty of ±0.2, mainly due to the uncertainty in H0, the peak bolometric magnitude for SN 2009jf is estimated as −17.48 ± 0.2 mag, which is ∼ 1.4 magnitude brighter than SN 2007Y and ∼ 0.4 magnitude brighter than SN 1999ex. The contribution of NIR and UV fluxes to the bolometric flux for type Ib/c supernovae is not well constrained. For SN 2007Y Stritzinger et al. (2009 have estimated that close to the peak brightness, ∼ 70% of the flux is in the optical bands, ∼ 25% in the UV bands and ∼ 5% in the NIR bands. However, by two weeks past maximum the UV contribution comes down to < 10% and NIR contribution rises up to ∼ 20%. In the case of SN 2008D, the bolometric flux has an NIR contribution of about < 24% at ∼ 12 days after maximum light in V (Modjaz et al. 2009 ). Thus, the UV and NIR bands, together, contribute as much as ∼ 30% to the bolometric flux. Even without considering the UV and NIR contribution to the bolometric light curve, it is seen that SN 2009jf is 0.6 magnitude brighter than SN 2008D at peak. Further, as seen in the U BV RI light curves, the decline rate of bolometric light curve of SN 2009jf is slower than other supernovae in comparison. While the initial decline rate of SN 2009jf is comparable to SN 2008D, it is much slowler than SN 2008D in the later phases. The slope of the bolometric light curve ∼ 45 days after B maximum is found to be 0.013 mag day −1 . For SN 2008D the same quantity is 0.023 mag day −1 . The mass of 56 Ni synthesized during explosion can be estimated following the principle that the bolometric luminosity, L bol at maximum light is proportional to the instantaneous rate of radioactive decay (Arnett 1982) . The simplified formulation of Arnett's rule, to estimate mass of 56 Ni, MNi = L bol /αṠ as proposed by Nugent et al. (1995) involves α, the ratio of bolometric to radioactivity luminosity andṠ, the radioactivity luminosity per unit nickel mass, which depends on the rise time of the supernova to maximum light. The peak U BV RI bolometric luminosity for SN 2009jf is estimated as 3 +0.6 −0.5 ×10 42 erg sec −1 , the quoted uncertainty is mainly due to the uncertainty in H0. SN 2009jf was discovered around 17.5 days before maximum in B band, indicating the mimimum rise time is around 18 days. Assuming a rise time of 19±1 days, the mass of 56 Ni is estimated to be 0.16
It is worth mentioning here that α, the ratio of bolometric to radioactivity luminosity, which takes into account the possible radiation transport effects is assumed to be unity. Another way for estimating mass of 56 Ni synthesized during the explosion is to fit the energy deposition rate via 56 Ni → 56 Co chain, to the observed bolometric light curve. The total rate of energy production via 56 Ni → 56 Co chain estimated using the analytical formula by Nadyozhin (1994), for different values of mass of 56 Ni synthesized during the explosion is plotted with the bolometric light curves in Figure 5 . The energy deposition rate corresponding to 56 Ni mass of 0.18 M⊙ fits the initial decline of the quasibolometric light curve of SN 2009jf. The mass of 56 Ni estimated using Arnett's law and the energy deposition rate are in good agreement with each other, and in what follows, an average of the two estimates, 0.17 M⊙ is taken as the mass of 56 Ni synthesized in the explosion. In the above estimates of 56 Ni mass, the contribution from UV and NIR bands to the bolometric luminosity have not been included. As discussed earlier, the contribution from UV and NIR bands to the bolometric luminosity at any given time is about 30%. Including this contribution to the bolometric luminosity, the estimated mass of 56 Ni synthesized in the explosion will increase by ∼ 30%.
SPECTRAL EVOLUTION
Our spectroscopic observations began 15 days before B maximum and continued till 99 days after B maximum, when the object went in solar conjunction. Subsequently, two spectra were obtained in the nebular phase, at 229 days and 251 days after B maximum. 
Early phase
The spectral evolution of SN 2009jf is plotted in of the host galaxy.
The pre-maximum spectra of SN 2009jf are plotted in Figure 6 . These spectra are characterized by a broad P- Cygni profile, indicative of high expansion velocity of the ejecta. The first spectrum taken on JD 2455104.16 (15 days before B maximum) shows distinctive broad absorption due to He I 5876Å with an expansion velocity of ∼ 16 300 km sec −1 and possible contribution from Na ID 5890, 5896Å. The other well developed features seen in the first spectrum are due to Ca II H & K 3934, 3968Å, Fe II between 4100 to 5000Å, Si II/Hα at ∼ 6250Å, O I 7774Å and Ca II NIR triplet between 8000 and 9000Å. Clear signature of other He I lines 4471Å (possibly blended with Fe II 4924Å and Mg II 4481Å), 5015, 6678 and 7065 is present in the spectrum taken ∼ 13 days before B maximum. The He I 7065Å line is affected by the telluric H2O band. The first spectrum also shows the double absorption, the "W" feature, at ∼ 4000Å seen in the very early spectra of the type II supernova SN 2005ap (Quimby et al. 2007 ), the type Ib supernova SN 2008D (Modjaz et al. 2009 ) and the type IIb supernova SN 2001ig (Silverman et al. 2009 ). This feature is identified with Fe complexes (Mazzali et al. 2008 ), or as a combination of C III, N III and O III lines at high velocities (Modjaz et al. 2009 , Silverman et al. 2009 ). Tanaka et al. (2009) have investigated the presence of C III, N III and O III lines in the early spectrum of SN 2008D using a Monte Carlo spectrum synthesis code, and do not find a large contribution from these ionization states. They conclude that ionization by the photospheric radiation only is not enough for the observed features to be due to these doubly ionized lines.
The continuum becomes bluer as the supernova evolves towards maximum, as also indicated by the colour curves (Figure 4) . The post-maximum spectra are shown in Figures 7 and 8. The spectrum of SN 2009jf obtained 1 day after B maximum shows a bluer continuum, with well developed lines due to Ca II H & K, He I, Fe II and a broad P-Cygni profile of Ca II near-IR triplet. The prominent absorption at ∼ 6250Å in the pre-maximum phase weakens, and is not seen in the spectra beyond day +10. The continuum of the post-maximum spectrum on day +27 again becomes redder. Later on, the evolution of the spectrum is slow, with further suppression of the flux in blue and an increase in the flux of Ca II NIR triplet.
The spectra of SN 2009jf, SN 2007Y and SN 1999ex close to maximum are plotted in Figure 10 
Nebular phase
The spectra taken 229 and 251 days after maximum are presented in Figure 12 (Schlegel & Krishner 1989) and the sample of type Ib supernovae discussed in (Matheson et al. 2001) , at similar epochs. The blend at ∼ 8700Å has a FWHM of ∼ 8000 km sec −1 on day +229, which decreases to ∼ 7300 km sec −1 on day +251. The Ca II NIR/[Ca II] line ratio measured in the two nebular spectra indicates that the Ca II NIR is getting weaker as compared to the [Ca II] line, a feature noticed in SN 1996N (Sollerman, Leibundgut & Spyromilio 1998 ) and interpreted as due to decreasing density (Filippenko et al. 1990 ). However, the blend at 8700Å has contribution from O I, Ca II and [C I], hence the measured velocity and flux using this blend must be viewed with caution.
The emission line profiles are multi-peaked and asymmetric. The [O I] line shows a sharp and stronger blue peak. A similar profile is clearly apparent in the [Ca II] line of day +229. The sharp emission component appears to be present in all the emission lines. In addition to the broad features due to the supernova ejecta, the nebular spectra also show narrow lines due to Hα, [N II] 6548, 6583Å and [S II] 6717, 6731Å, originating from the underlying H II region.
Expansion velocity of the ejecta
Expansion velocities of the prominent features seen in the spectra are estimated by fitting a Gaussian profile to the minimum of the absorption trough in the redshift corrected spectra. The velocity evolution of the prominent ions, seen in the spectra of SN 2009jf, is plotted in Figure 13a . The expansion velocity of He I 5876Å line, determined using the pre-maximum spectra, rapidly decreases from a value of ∼ 16000 km sec −1 on day −15 to ∼ 12000 km sec −1 close to B maximum. The velocity further declines in the postmaximum phase and levels off at ∼ 7000 km sec −1 . The expansion velocity of Fe II 5169Å feature remains low as compared to that of He I 5876Å line all through its evolution, and also declines at a slower rate, as seen in most type Ib supernovae (Branch et al. 2002) . The expansion velocities of Ca II near-IR triplet follows the evolution of He I 5876Å line, with a marginally higher velocity in the pre-maximum phase. While the velocity of the He I line decreases to ∼ 7000 km sec −1 in the pre-maximum phase, the velocity of Ca II near-IR triplet remains higher at ∼ 10000 km sec −1 . The feature seen at 6250Å in the spectrum of some type Ib supernovae, has been identified with Hα in SN 1954A, SN 1999di, SN 2000H (Branch et al. 2002 
THE OXYGEN MASS
The nebular spectra of type Ib supernovae are dominated by [O I] emission, considered the prime cooling path during the late phases (Uomoto 1986 , Fransson & Chevalier 1987 . The absolute flux of this line can be used to estimate the mass of neutral oxygen producing the line emission, following the expression by Uomoto (1986) ,
where MO is the mass of neutral oxygen in M⊙, D is the distance to the supernova in Mpc, F([O I]) is the flux of the [O I] line in ergs sec −1 and T4 is the temperature of the oxygen emitting region in units of 10 4 K. The above equation holds in the high density regime (Ne 10 6 cm −3 ), which is met in the ejecta of type Ib supernovae (Schlegel & Krishner 1989 , Elmhamdi et al. 2004 , Gomez & Lopez 1994 ). An estimate of the temperature of the line emitting region can be made using the is assumed. Assuming that the high density regime is valid for SN 2009jf also, a value of T4 = 0.4 appears to be a good approximation. Using the [O I] flux of 3.74×10 −14 erg sec −1 cm −2 measured in the spectrum of day +251, and the assumed distance of 34.25 Mpc, the mass of oxygen is estimated to be 1.34 M⊙. A weak line at ∼ 7750Å is present in the nebular spectra of SN 2009jf and is identified with O I 7774Å line, following Mazzali et al. (2010) . The presence of O I 7774Å line in the spectrum is indicative of the presence of ionized oxygen also, as this line is mainly due to recombination (Begelman & Sarazin 1986) . Mazzali et al. (2010) have shown that the mass of oxygen required to produce [O I] 6300-6364Å and O I 7774Å lines together is higher than that is required to produce only [O I] 6300-6364Å line. Thus, the oxygen mass estimate of 1.34 M⊙ may be considered as a lower limit of the total mass of oxygen ejected during the explosion.
DISCUSSION
The light curve and spectral evolution of SN 2009jf show some peculiarities compared to other SNe Ib. The light curves indicate a post-maximum decline that is slower compared to other type Ib supernovae. This slow decline continues even during the late phases, making the light curve of SN 2009jf broad. The absolute V magnitude at peak is comparable to the mean of the absolute magnitude distribution of type Ib supernovae. Using the bolometric light curve and the energy deposition rate via 56 Ni → 56 Co, the mass of 56 Ni synthesized during the explosion is estimated to be 0.17 M⊙. SN 2009jf shows a very early emergence of He I lines in the spectrum. He I 5876Å line is identified in the first spectrum obtained 15.3 days before B maximum. Other lines due to He I at 4471Å, and 6678Å were identified in the −13 day spectrum. Further, the expansion velocity estimated using He I line ∼ 16, 000 km sec −1 , indicating that helium is excited at high velocity. In case of SN 2008D, He I lines became apparent around 11.5 days before B maximum, and were prominent only around 5 days before B maximum (Modjaz et al. 2009 ). The He I lines seen in the spectra of type Ib supernovae require non-thermal excitation and ionization, as the temperature present in the ejecta is too low to cause any significant absorption (Lucy 1991) . γ-rays, emitted by newly synthesized 56 Ni during the explosion, accelerate electrons that act as a source of non-thermal excitation for He (Harkenss et al. 1987 , Lucy 1991 . For exciting helium at such a high velocity as seen in SN 2009jf, the γ-rays need to be close to the helium layer, which can be possible either through the escape of γ-rays from the 56 Ni dominated region, or through some large scale instability causing substantial mixing of 56 Ni to the outer layers. The slower decline of the light curves of SN 2009jf gives an indication that it has a massive ejecta and the probability of γ-rays escaping will be low. Though substantial mixing of different inner layers appears to be the most probable way for an early excitation of He at high velocities, the possibilty of some γ-rays reaching the He layer and exciting it cannot be ruled out, especially since SN 2009jf is a rather luminous supernova.
The profile of [O I] 6300-6364Å feature in the nebular spectrum is multi-peaked and asymmetric with a sharp, stronger blue peak. The peak of this feature is blueshifted by ∼ 30Å around day +86, which reduces to a blueshift of ∼ 15Å by day +99. Such observed blueshifts are explained as a result of residual opacity in the core of the ejecta (Taubenberger et al. 2009 ). The asymmetric and multi-peaked profile seen at phases later than 200 days can be produced by additional components of arbitrary width and shift with respect to the main component. ] 6300-6364Å doublet, leading to a double-peaked oxygen profile. Neither scenarios account for the stronger blue peak of the 6300Å line. Taubenberger et al. (2009) explain the stronger blue peak with a complex ejecta structure with additional blueshifted emission on top of an otherwise symmetric profile. Alternatively, the asymmetry in the profile is explained by a damping of the redshifted emission component in an originally toroidal distribution, caused by the optically thick inner ejecta. The light curve evolution of SN 2009jf indicates the presence of an ejecta more massive than other stripped core collapse supernovae. Hence, it is quite likely that in the case of SN 2009jf also the redward component is damped by an optically thick inner ejecta. It should however be noted that asymmetric and multi-component profiles cannot be reproduced within spherical symmetry Maeda et al. 2007 ). This needs further investigation with observations at phases later than presented here, as well as spectrophotometric observations and detailed modelling.
The brightness and width of Type Ib light curves are determined by the interplay of nickel mass, opacity and γ-ray deposition. In general, a greater amount of 56 Ni will make the light curve brighter. A more massive ejecta will have a larger optical depth, and it will take longer for the trapped decay energy to diffuse through the envelope, which will broaden the light curve (Ensman & Woosley 1988) . The time taken for the bolometric light curve to decline from peak to the moment when the luminosity is equal to 1/e times the peak luminosity (which is equivalent to a decline of 1.1 mag from peak), is known as the effective diffusion time τm. The effective diffusion time is related to the mass of the ejecta Mej and the kinetic energy E k of the ejecta τm ∝ κ There are several core-collapse supernovae for which the progenitor mass has been constrained using hydrodynamical modelling. With this approach, Nomoto et al. (2003) and Nomoto et al. (2004) constructed the EK − MMS diagram and introduced a hypernova branch. Recent updates of this approach include SN 1998bw , SN 2008D ), and SN 2003bg (Mazzali et al. 2009 ). For the well studied bright hypernova SN 1998bw (MV = −19. 35 Galama et al. (1998) ), the main sequence mass of the progenitor is constrained by Maeda et al. (2006) 16, 0.77, 1.05, 2.35, 3.22, and 7.33 M⊙, respectively (Nomoto et al. 2006) . These values are obtained for E k = 1.0 × 10 51 erg and the metallicity z = 0.02, but are not so sensitive to E k and z. In fact, for (MMS/M⊙, E k /10 51 erg) = (20, 10), (25, 10), and (30, 20), and (40, 30) , M (O)/M⊙ = 0.98, 2.18, 2.74, and 7.05, respectively ). Therefore, the lower limit of the oxygen mass M (O) 1.34 M⊙ estimated from the nebular spectra is quite consistent with the progenitor mass of MMS 20 − 25 M⊙ estimated from the light curve shape and the photospheric velocities.
The For SN 2007Y, SN 1996N, SN 1990I and SN 1998bw , this ratio was found to be 1.0, 0.9, 0.7 and 0.5, respectively, at similar epochs (Elmhamdi et al. 2004 , Stritzinger et al. 2009 and references therein). Fransson & Chevalier (1989) Fransson & Chevalier (1989) .
The estimates of the mass of 56 Ni synthesized during the explosion, the kinetic energy of explosion and the main sequence mass of the progenitor star places SN 2009jf between the normal core-collapse supernovae and the hypernovae branch in the EK − MMS diagram of Tanaka et al. (2009) , at the upper end of the normal core-collapse supernovae branch. It is however to be noted that the [O I] line profile during the nebular phase indicates asymmetry of the explosion. This can have some effect in the kinetic energy estimate, as shown by Maeda et al. (2006) and Tanaka et al. (2007) for SN 1998bw. A detailed modelling is therefore required for a better estimate of the various parameters. Itagaki, Kaneda & Yamaoka (2009) suggest the progenitor could have undergone luminous blue variable type mass loss events, based on their detection of a dim object at the location of the supernova on three occasions. Pre-supernova images of the host galaxy obtained in the ultraviolet by the Swift satellite, and available in the Swift data archives, clearly indicate the presence of a bright HII region at the supernova location. It is hence quite likely that the object detected by Itagaki, Kaneda & Yamaoka (2009) corresponds to the underlying HII region.
SUMMARY
We present in this paper optical photometry and medium resolution optical spectroscopy of the type Ib supernova SN 2009jf, spanning a period from ∼ 15 days before B band maximum to ∼ 250 days post maximum. SN 2009jf reached a B maximum on JD 2455119.46, with an absolute magnitude MB = −17.58±0.19 magnitude. A slow post-maximum decline is indicated by the broad light curves. The peak bolometric flux implies ∼ 0.17 M⊙ of 56 Ni was synthesized during the explosion.
The spectral evolution of SN 2009jf is typical of type Ib class, but with an early emergence of helium lines. He I 5876Å is clearly identified in the first spectrum obtained 15 days before maximum, at a velocity of ∼ 16000 km sec −1 . This early emergence of helium lines is likely due to a substantial mixing of the inner layers of the ejecta. The [O I] 6300-6364Å line seen in the nebular spectrum is multipeaked and asymmetric, with a sharp, stronger blue peak. This is explained by the complex ejecta structure of an aspherical explosion. The absolute flux of this line indicates the mass of oxygen ejected during the explosion to be 1.34 M⊙.
A qualitative analysis of the light curve and spectra of SN 2009jf indicates that SN 2009jf is an energetic explosion of a massive star. The mass of the ejecta and kinetic energy of explosion are estimated to be Mej= 4 − 9 M⊙ and KE = 3 − 8 ×10 51 erg, respectively. The main sequence mass of the progenitor star is estimated to be 20 − 25 M⊙.
